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Abstract 
This paper describes the laws of structuring surface roughness at surface plastic deformation for the purpose of revised 
calculation of operating modes at the technological process design stage. It derives a formula of roughness profile that allows 
calculating its general parameters. These formulas are obtained without the action of inertial forces in the reciprocating 
movement of the tool. 
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1. Introduction 
Present-day methods of surface plastic deformation are characterized by high intensification of modes, which is 
achieved on the account of newer design-engineering methods application. In these circumstances one of the general 
directions of processing performance improvement and durability of the tools is calculation and provision of 
qualitative indicators of the surface at maximum possible intensity of processing at design stage. The solution of 
these issues for processing of parts of materials has special importance, the processing of which is characterized by 
increased aptitude to vibrations occurrence. These products that are made of nonferrous metals and alloys with high 
requirements to roughness of the processed surface Ra=0.05 y 0.08 microns of high uniformity. For similar 
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calculations it is necessary to use the models, which take into account the physical phenomena at contact of tool and 
blank. Current models are either bulky for practical application or too simple and have insufficient accuracy [1, 2, 3]. 
2. Results and Discussion 
On movement of indentor along the treatable surface, the microprofile is formed with parameters that depend on 
numerous factors is formed. We will mark its height as h1. 
The indentor with every subsequent revolution of the blank distorts previously formed grooves, by squeezing 
them in direction that is opposite to the feed (fig.1, a). The higher the pressure at the contact zone and plasticity of 
the processed material, the larger the plastic displacement zone and to greater degree the distortion of the 
microprofile takes place. The newly formed microrelief (fig.1, b), section 1), has form, which differs from the form 
of segments of circle - that is similar to the form of sinuous line indents (fig.1, b), section 2). 
The relief that is obtained on the surface we will approximate with the help of the function of the following form: 
)sin1()( 1 thtf Z .          (1) 
Period of sin function is equal to the time of two revolutions of part; therefore, its frequencyZ is equal to half 
angular frequency of revolution of part. I. ɟ. Z = Sn.  
Then the function 1, which describes the formation of the profile of the surface roughness, can be rewritten as 
follows: 
))sin(1()( 1 tnhtf S .         (2) 
To determine the component, due to vibration of the tool and work surface, we make the following assumptions: 
x tool makes vibrations with respect to work surface with constant average amplitude A and frequency Z; 
x average work rotational speed n is constant; 
x average feed at burnishing s is constant. 
Relative vibrations of tool and blank can be represented in the form of harmonic function that is confirmed by 
oscillograms of radial displacement of deforming tool, having a harmonic character and which are described 
mathematically by sinuous line with amplitude that is equal to the maximum radial-motion variation Gmax: 
)sin()( 0\Z  tAty .          (3) 
where: t - time; Z - radian frequency; \ɨ - phase displacement. 
 
The value \ɨ will be determined by the displacement of maximum of radial-motion variation for revolution of 
part. It is determined by the characteristics of the bearings of spindle assembly. Spindle assembly of the most 
machine tool stations is made on ball bearings that have some eccentricity due to the deviation of the real size of the 
balls from the rated one upward or downward. As a result, the maximum of radial-motion variation of bearing falls 
on its side, from which the ball of smaller diameter is placed. Schematically the ball bearing is shown in fig. 3.  
In figure: D1 - diameter of raceway of the outer ring of the bearing; D2 – diameter of raceway of the inner ring of 
the bearing; G - eccentricity that produces the radial-motion variation of the rolling bearing and, accordingly, the 
spindle. Point A corresponds to the maximum of radial-motion variation. 
When you rotate the spindle on 1 turn, the point, corresponding to the maximum of radial-motion variation will 
move only on certain angle, i.e. the one will be delayed with respect to the rotation of the spindle on angle: O. The 
angle, on which the maximum of value of radial-motion variation for 1 revolution of blank will move, will be 
determined as follows. 
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Frictional sliding in rolling bearings gives the size of order: 0.0004 ... 0.0005. So, we accept rolling motion of the 
balls in the bearing without frictional slipping. Then the point of contact of ball and raceways of the inner ring of the 
bearing for 1 revolution will pass a distance that is equal to the length of the inner ring raceway of inner ring - SD2. 
The point of contact of ball and raceway of the outer ring of the bearing for one revolution of the spindle will pass 
the same distance - SD2, that is less than the length of the raceway of the outer ring (as SD2, < SD1). 
The point of contact of ball and raceway of the outer ring of the bearing is moved through an arc, the length of 
which is equal to the product of the rotation angle of the contact point (O, rad) and the radius of the raceway (0.5D1). 
It is possible to write down: 
12 5,0 DD OS   Or 122 DDSO  .        (4) 
Value of angle \0 will be: 
  )(122 120 radDD  SOS\ .        (5) 
Under real conditions, the determine the parameters of bearings and value \0 is not difficult one. The position of 
the tool tip after 1 revolution (see Fig. 3, a), after 2, 3, revolutions (see fig. 3, b, c) can be determined if we know the 
value of the eccentricity - of radial-motion variation and parameters of bearings of spindle assembly. After number 
of revolutions that is equal to i, the tool tip is returned to the initial position, corresponding to the maximum radial-
motion variation (see Fig. 3 d). In longitudinal section of the blank (per generatix) from revolution to revolution the 
tool tip moves along sinuous line. (see fig. 3, e). 
Wavelength " that occurs on generatix depends on both feed and the angle value \0. It may be that the value " 
will be much less of base length on which the determination of surface roughness parameters is carried out. It can be 
determined by the number of revolutions, for which the point of maximum of radial-motion variation will return to 
the starting point and the one shall be calculated according to formula: 
.
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"          (6) 
When burnishing with feed about 0.02 mm/rev and at ratio 6.012 |DD  (for ball bearings of medium and heavy 
series), we obtain the following value of the wave: " | 0.05 mm. On standard base length of several of these 
segments can be fitted. 
Taking into account the angular frequency ,2 nSZ   oscillation equation (3) can be rewritten as follows: 
  .12sin h  y(t) 122 DDtn  S         (7) 
Amplitude h2 - is additional summary penetration from action of inertial forces and friction forces in the area of 
contact of tool and blank. Equation of profile of roughened surface can be written: 
  .12sin h))sin(1()()( 1221 DDtntnhtytfL   SS      (8) 
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Fig. 1 Scheme of microrelief formation at burnishing 
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Fig. 2. Diagram of shifting of maximum of  spindle radial error motion 
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Fig. 4 Profile of ironed surface 
Fig. 3 The dynamics of tool tip motion in transverse -ɚ, -b, -c, -d 
and longitudinal -e cross sections at reciprocating vibrations of the tool. 
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Parameter: Ra shall be found as follows: 
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where: t0 - is time of passing by indenter of base length "0, on which the integration is carried out. 
 
As a result, with consideration of the roughness of the deforming tool, the formula for finding of the value of the 
roughness parameter: Ra at burnishing processing will be rewritten as follows: 
   ,12sin h))sin(1(1
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where: RaU - the value of the roughness of the working tool, which is reproduced on the surface of the machined 
blank. 
H - coefficient, taking into account the additional distortion of the shape of original groove at subsequent revolutions 
of the blank; k - coefficient, taking into account the changes of the profile of the surface that is processed as result of 
intensive wave formation at low feed rates. 
 
At preparation of the surfaces with relatively low requirements to the parameter of surface roughness: Ra, the 
value RaU can be omitted. But when providing the roughness parameter:  
Ra = 0.1 mm and less, the value of tool roughness has the more significant impact, the smaller the parameter Ra 
will be. 
3. Conclusions 
x I t was obtained the equation of rough surface when processing with surface plastic deformation, per which you 
can determine the basic parameters of the roughness at the design stage of the technological process. 
x In obtained model the impact of the cross-wave generation, dynamic and inertial phenomena that are 
characteristic ones for intensive treatment are considered. 
x The model is simple enough for practical application. 
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